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Abstract  
Ambient Assisted Living (AAL) is an important research and development area. The acceptance of the AAL paradigm is closely 
related to the quality of the available systems and services, namely in terms of the user interaction. This means that usability and 
accessibility are crucial issues. The paper presents how the concepts of the International Classification of Functioning, Disability 
and Health (ICF) can be used to optimize the role of personas and scenarios in the development and evaluation of AAL systems 
and services, especially in aspects related with human functioning and health conditions. 
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1. Introduction 
The development of technological solutions with natural and effective user interaction mechanisms can facilitate 
the daily lives of the elderly, decrease isolation and info-exclusion, and promote ability to work, independence and 
wellness conditions. Based on this view the Microsoft Language Development Centre (the research and 
development centre of Microsoft Portugal), the University of Aveiro, the Engineering Faculty of the University of 
Porto, the Institute of Electronics and Telematics Engineering of Aveiro, the Institute of Systems and Computers 
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Engineering of Porto and two small and medium enterprises, Micro I/O and Plux Wireless Biosignals, implemented 
a Living Usability Lab (LUL) located on the University of Aveiro campus (Aveiro, Portugal) [1, 2].  
Although traditional approaches for the systems and services development usually consider the involvement of 
all stakeholders, including end users, it is nevertheless also true that the experts are the responsible for the 
conception, design and development of the systems and services, deciding which functions to integrate and how 
users interact with them. Users are only involved at an advanced stage, when the concepts are already consolidated, 
which means, in general, that the initial conceptualization is not based on their experiences or mental models. 
In contrast, a central aspect of a living lab methodology [2, 3] is the continuing involvement of the different 
stakeholders at all stages of the development process: idealization of concepts, requirements analysis, systems and 
services development and respective validation and assessment in semi-realists and structured contexts. 
The LUL aims to improve translational research and to promote the development, integration, validation and 
evaluation of new user interaction technologies related with Ambient Assisted Living (AAL) systems and services. 
These objectives are of most importance, given that ALL systems and services must have a broad range of 
intelligent functions in terms of user interaction, supported by usable and accessible interfaces with adaptive 
mechanisms [4], which is not always taken into due account. A recent systematic literature review [5] shows that 
only a low percentage of papers related with AAL refer the involvement of end-users, namely elderly and disabled 
people both in the development phases and in the results validation and evaluation. Therefore, it is clear that the 
usability and accessibility issues are not sufficiently explored within the AAL domain. Furthermore, knowing that 
AAL systems and services have complex interaction mechanisms, including explicit and implicit interactions, and 
that multimodality is a fundamental aspect [6], it becomes evident the need for additional concerns in terms of 
usability and accessibility. 
To solve the usability and accessibility issues, a close involvement of the end users is recommended. However, 
these could be less successful when the user population is varied and the involvement of elderly and disabled people 
introduces additional difficulties [7, 8]. Moreover, methods to obtain requirements and evaluation data from elderly 
and disabled people are not straightforward and monitoring or interacting with them in their home environments, 
rather than in a workplace situation, require additional organisational challenges [9, 10]. In these aspects, 
infrastructures like LUL could have an important role, if there is a methodological framework for the specification, 
development, validation and evaluation of new systems and services. 
This paper is not intended to be a comprehensive description of the LUL and the related technological services, 
nor the presentation of its wide range of methodological tools, but rather the explanation of how the concepts of 
personas and scenarios can be enhanced to ensure that the different stakeholders involved in the development of a 
given AAL system or service have a common view of the target users in all the development stages, which, 
consequently, may contribute to better solutions in terms of usability and accessibility. 
Considering that the AAL paradigm focuses on services that aim to maintain the human functioning and 
minimize the consequences of health conditions, within the methodological development of the LUL it was a major 
concern the use of systematic mechanisms to characterize the issues related to functioning, health conditions and 
quality of life. Thanks to an interdisciplinary collaboration in which the authors are involved [11, 12], it was 
possible to use the International Classification of Functioning, Disability and Health (ICF) conceptual model [13] 
developed by the World Health Organization (WHO) to optimize the essential role of personas and scenarios. This 
approach has the advantage of emphasizing the functioning in the development of new AAL systems and services, 
as well as the contextual factors that impact on those systems and services. It has been used, and consequently 
improved, in various projects related with AAL, namely AAL4ALL and Smartphones for Seniors. 
In addition to this introductory section the paper is composed of another four sections: Living Usability Lab, 
Conceptual Model for the Definition of Personas and Scenarios, Example of a Persona and Respective Scenario, and 
Conclusions. 
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2. Living Usability Lab 
The LUL is a collaborative, multi-contextual and empirical environment to allow [1, 2]: i) the development, 
integration and evaluation of systems and services with demanding interactive requirements, such as AAL solutions; 
ii) the development of comprehensive methodologies to support the different design and development phases of 
systems and services, from the initial conception to the final evaluation, involving users and other stakeholders; iii) 
the translational research related to interaction mechanisms and their adequacy to the users, the nature of the tasks, 
the surrounding contexts and the technological platforms and iv) the conception of reference models to consolidate 
knowledge related to the users' needs and critical mechanisms associated with the quality of services, interaction 
paradigms and development platforms. 
Living lab methodologies follow a perspective that conceives the users and the society as sources of innovation 
[14]. Therefore, within LUL, the stakeholders (including potential end users, formal and informal care providers, 
governmental and local organizations, research and development entities, funding agencies or industrial partners) 
must actively participate in the iterative process of specification, development, validation and evaluation that has 
three reference phases: the first one is the conceptual validation which is followed by the prototype test and, finally, 
the pilot test.  
The main objective of the conceptual validation is to verify the sustainability of the initial concepts for potential 
systems or services and if they deserve to be explored. Additionally, the conceptual validation should gather all the 
required information to allow the development of consolidated prototypes. In turn, the main purpose of the prototype 
test phase is to evaluate the systems and services in terms of usability and accessibility. The prototype test is 
conducted in a controlled environment involving real users and the results should be incorporated in the 
development to allow the implementation of systems and services to be evaluated during the pilot test. Finally, the 
third methodological phase, the pilot test, aims to assess not only usability and accessibility, but also the degree of 
user satisfaction and determine how the systems and services impact on the users’ daily lives.  
These different phases are not isolated from each other, but complementary. Moreover, the process, although 
sequential must be sufficiently flexible to allow advance and retreat along the different phases, since the assessment 
performed at each phase dictates the next steps in the course of the development of the systems and services. The 
methodology relies thus on a spiral development, in which it is possible to advance and retreat through the different 
methodological phases (Figure 1). 
 
Figure 1. Reference phases of the LUL methodology. 
 
Within the LUL, end users may be [1] i) elderly interested in maintaining their typical activities and everyday life 
tasks, including social participation; ii) elderly with activity limitations and participation restrictions due to specific 
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health conditions and iii) other informal caregivers that to provide care to people with special needs. It is also a LUL 
goal the involvement of formal carers (health care or social care providers) potentially interested in innovative 
systems and services to supervise and assist remotely their clients. Other service providers to consider are i) 
professionals of occupational or day centres able to offer, not necessarily for free, leisure activities and ii) other 
professionals that intend to develop specialized business solutions targeted to elderly. 
To complete a categorization which includes all the necessary contributions of the different stakeholders for the 
LUL success, four additional categories must be considered: i) researchers (either because their research can boost 
innovative projects, or because they can benefit from the LUL synergies, namely the ability to engage a large 
number of users and the proximity to social and business organizations); ii) students (whether in the engineering 
area, health or social sciences areas); iii) industrial partners interested in innovative solutions and to take advantage 
of the LUL added value and iv) policy makers who may help to create and maintain a supporting network for the 
LUL’s innovative environment. 
Given the potential users range, whether end users or services providers, efficient tools are needed to characterize 
and to ensure that this characterization is taken into account throughout the development process.  
In particular, the experience of research and development fostered by LUL has shown that the elaboration of 
personas is an essential tool so that the involved parties always consider, in a clear and throughout manner, the 
design phases (development, validation and assessment), the essential characteristics and needs of the potential end 
users, which obviously have a significant impact in terms of usability and accessibility of the interaction 
mechanisms. 
3. Conceptual Model for the Definition of Personas and Scenarios 
Personas are potential users’ group representations with characteristics, needs, behaviours, motivations and 
common expectations. According to Cooper [15], despite being fictitious, personas must be precisely and accurately 
defined from detailed knowledge about the target population. The details are important to promote that all 
stakeholders share a consistent view of potential end users, allowing one “human face" for a set of demographic 
data. Therefore, it is necessary to consider various aspects: 
x The characteristics of the potential users of the systems and services being developed and what roles 
they can play. 
x The potential users’ needs and behaviours, and how these may vary over time. 
x The potential users’ motivations and expectations in respect of the systems and services being 
developed. 
In systems development methodologies, scenarios often appear associated with personas. Typically, a scenario 
describes how a given system or service can be used, in a given context and in a given period of time. It is usually 
developed by usability experts, in a close collaboration with users and developers.  
The scenarios are written in a simple language, with minimal technical details, in order to provide to concerned 
parties a common example to focus their discussions, and should provide: 
x The surrounding contexts that need to be explored. 
x The situations or events that have impact on personas. 
x The information requirements that the system needs to incorporate. 
x The functions or actions requirements that the system must be able to perform. 
x The technological requirements that may be significant for the system performance. 
x The interaction requirements, i.e. what kind of precaution should be considered in the management of 
the interaction mechanisms that may vary accordingly to the scenarios being considered. 
x Other requirements, such as business or corporate requirements. 
Given the various methods available, there are many alternatives that can be considered as a starting point for the 
elaboration of personas and scenarios: interviews, questionnaires, observational studies, focus groups, brainstorms, 
nominal groups, creation workshops and day-books fulfilments. The information gathered through these methods 
allows systematizing the different personas’ characteristics and elaborating the different scenarios’ requirements. 
413 Alexandra Queirós et al. /  Procedia Computer Science  27 ( 2014 )  409 – 418 
 
Considering that potential end users of AAL systems and services are elderly, health conditions are important 
factors. Furthermore, AAL aims to increase the autonomy of older people and assist their daily living activities, 
improving, therefore, their functioning. This implies that end users’ health conditions and functioning must be 
highlighted. 
The ICF conceptualizes functioning associated to health conditions in an extended socio-ecological context 
which also considers the role of services, systems and technologies. The ICF considers the structures and body 
functions, activities, participation and contextual factors [13] as components of the person’s functioning:  
x The body's functions entail the individual’s physiological functions. The ICF defines impairment as 
any problem of the individual with his/her body functions. Physical functions depreciations can, in 
principle, have no consequences for the individual's ability to do activities, especially if there is a help 
aid that compensates a particular function depreciation (e.g. an individual with weak eyesight wearing 
glasses would not have a limitation; an individual with a missing leg with a prosthesis will be able to 
do activities).  
x Activities are the individual’s recital of assignments and tasks. Difficulties with these activities are 
noted as activity limitations. Limitations are usually due to function depreciation of body functions but 
also due to environmental hindrances. When the individual's ability to do activities is evaluated the 
consequences of function depreciation or environmental barriers become clear.  
x Participation covers the individual’s involvement in daily life and society. Difficulties in participation 
are classified as participation restrictions. The same way as activities limitations, the participation 
restrictions can be caused by weakness, illness and/or handicap but also due to environmental 
hindrances. There is also a restriction when the individual is not being able to do activities according to 
his/her own norms of what is considered acceptable.  
x The contextual factors are the environmental and personal factors which either enhance or limit the 
individual's functioning. The environmental factors are the physical, social or attitudinal world ranging 
from the immediate to more general environment. The personal factors entail elements that make 
people different and unique, such as life style, education level, gender, etnicity, life events or 
psychological characteristics. These factors are important to explain certain situations (e.g. two 
individuals with the same diagnosis or physical function depreciation may have different limitations 
when it comes to activities and participation).  
The environmental factors can have a positive (i.e. be facilitators) or negative impact (i.e. be barriers) on the 
individual’s performance as a member of society, on the individual’s capacity to execute actions or tasks, or on the 
individual’s body function or structure. When coding an environmental factor as a facilitator, issues such as the 
accessibility of the resource, and whether access is dependable or variable, of good or poor quality, should be 
considered. In the case of barriers, it might be relevant to take into account how often a factor hinders the person, 
whether the hindrance is great or small, or avoidable or not. It should also be kept in mind that an environmental 
factor can be a barrier either because of its presence (e.g. negative attitudes towards people) or its absence (e.g. the 
unavailability of a needed service). 
The authors propose to use the ICF fundamental concepts related to functioning and performance in activities and 
participation for the specification, development and evaluation of AAL systems and services. In particular, the ICF 
concepts may be used for building personas, in order to consider and structure aspects such as: 
x The body’s structures and functions. 
x The relevant aspects of health conditions that may constrain the systems or services use (health 
conditions should not be understood only as a disease, but also as specific features which are present in 
the persona, and that will restrain the systems or services use). 
Additionally, the ICF can also help to systematize particular aspects of personas, including: 
x Activities and participation (which has consequences on the daily routines). 
x Environmental factors (e.g. a noisy environment turns difficult to use the telephone). 
Furthermore, the ICF allows alternative forms over what is normally considered in personas’ defining aspects, 
such as personal factors (e.g. the specific life history and individual lifestyle), which the ICF considers alongside 
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with environmental factors, or the contextual factors. In this respect, the ICF considers that the individual’s 
functioning results of his/her own health conditions interacting with his/her contextual factors [16]. This dynamic 
interaction is important for scenarios’ definition. A narrative of events or persona experienced situations (a persona 
can remain unchanged, but the scenario demands changes in the use of systems and services) can be enriched by the 
identification, in a given situation, of the events and the positive or negative factors (facilitators or barriers, 
according to the ICF) that impact on activity and participation of personas. 
In the following section it is explained how the ICF was used for personas and scenarios development within the 
LUL framework. 
4. Example of a Persona and Respective Scenario 
As already mentioned, the conceptualisation of a persona must consider the potential end users of the systems 
and services being developed, based on existing or specifically collected data, namely demographic data. However, 
there should be always present the need for personalization, as can be seen in the persona Anselmo Pires represented 
in Table 1. 
 
Table 1. Persona Anselmo Pires. 
Example of a Persona: Anselmo Pires 
Persona: Principal. 
Name: Anselmo Pires. 
Age: 67 years old. 
Location: Matosinhos. 
Technological Proficiency: Basic computer skills. 
Position: Senior partner and manager of a carrier business. 
 
Personal History: 
Anselmo Pires is married to Marieta Pires and has two sons, Alberto and Romeu, and a 23 years old grandson, César. Recently, he had a 
heart attack that made him weaker. Anselmo started cycling with his son Alberto at the weekends. 
Since he is the senior partner and manager he has the habit to get up early in order to be the first to reach the office. Normally, he goes 
out of home without taking breakfast, which compensates with a mid-morning break in the patisserie near the office. Anselmo stays at 
the office up to 8PM and has dinner at home around 8:30PM with Marieta. 
Once a week, he plays chess with his grandson, a habit started in the first scholar holidays of his grandson. 
 
Motivation: 
His grandson is now in London to continue his studies and Anselmo wants to keep contact and proximity with him, since they have 
always been very close. 
 
Frustrations: 
Whenever he tries to talk to his grandson using a video call, Anselmo eventually gets bored with the process. Although he has some 
basic computer skills, making a video call is something that frustrates him, because of the associated complexity. 
 
Quote: 
"I play chess with my grandson every week, there are already 16 years!" 
 
The persona Anselmo Pires was developed according to the principles proposed by Cooper [15]. Analysing the 
persona description, we can easily see that the personal history consists of a set of personal characteristics and 
description of some aspects of daily routines. In particular, some information appears described in various ways. 
This is the case of computer literacy that is referred in the topic technological proficiency and also in the topic 
frustrations ("Although he has some basic computer skills... "). On the other hand, the points related to health 
conditions are focused on an existing pathology. Finally, it is possible to state a negative point of view, as stated in 
the discrimination of possible frustrations. 
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In contrast, in the model proposed by the authors, there is a concern to identify different groups of information: 
x Personal factors: individual’s life history and characteristics. For example, he/she likes blue, he/she 
prefers voice interaction or he/she is funny. 
x Health conditions: generic term for diseases (acute or chronic), injuries or traumas. It may also include 
other circumstances like pregnancy, age, stress, congenital abnormality or predisposition. For example, 
an individual has limitations in mobility of the right upper limb and he/she suffers of lowback pain. 
x Daily routines: individual’s planning and management of demands, tasks and obligations of everyday 
life. 
x Activity types: individual’s execution of tasks or actions. For example, buy a book, write a letter, do a 
mental exercise or clean the floor. 
x Participation: individual’s involvement in life situations. For example, social events, educational 
activities or household management. 
 
Therefore, instead of the heterogeneous topic personal history, the authors propose a clear distinction between 
personal factors and daily routines, because this information is considered essential in the context of AAL systems 
and services. On the other hand, the authors strongly suggest the neutral perspective associated to the ICF (it should 
only be identified those facts that determine functioning or performance), which implies some concerns with the 
description. For instance, instead of referring to "Since he is the senior partner and manager he has the habit to get 
up early in order to be the first to reach the office” we should refer “he is the senior partner and manager and he has 
the habit to get up early", i.e. only neutral information. In this perspective, there should not also be references to 
frustrations, but only abilities and personal factors such as personal tastes. 
In terms of health conditions, these should not appear associated with a deficiency in the structure or function of 
the body or to an existing pathology, but rather with a holistic perspective. Often a limitation in activities or a 
restriction in participation occur due to health conditions, but they are also influenced by the context in which the 
activities or participation will be held. The definition of a persona using the ICF concepts should clarify what health 
conditions and context situations may interfere with the performance of the individual along with the description of 
daily routines and types of participation. Incidentally the concept participation appears as something innovative in 
the elaboration of personas, because it is something more complex than activity that contains information related to 
a life event. 
The modified version of the persona Anselmo Pires (Table 2), which has been used in the project Smartphones 
for Seniors[17], includes personal factors that may influence the way the user interacts with the systems and 
services: Anselmo has 67 years old, lives with his wife, has the fourth grade and basic computer skills and is the 
senior partner and manager of a carrier business. According to this information the interaction may have to be 
simplified due to his lower academic or computer literacy. 
The daily routines are also important elements in defining the personas as they will constrain the use of the 
available systems and services. In the current example, Anselmo has the habit of getting up early, not taking 
breakfast at home because he prefers to take a mid-morning break in the patisserie near his office and he works up to 
8PM. The fact of taking breakfast in the patisserie can interfere with a smart phone interaction and the fact of 
working up to 8PM means, in principle, that he will only access leisure features after that time. 
The health conditions are associated to relevant information that will impact on the performance of some 
activities and participation. For example, Anselmo had an episode of hospital admission and was recommended to 
start performing physical exercises and to manage his health condition via regular monitoring of blood pressure. 
Activity and participation turn out to be implicit in health conditions. For example, the regular monitoring of 
blood pressure has impact in daily routines. It is also possible identify specific activities that are also driven by his 
health conditions (e.g. cycling with his eldest son). 
The case of participation is similar to activities since they may result from variations in health conditions and 
daily routines, or be identified as specific interests (e.g. Anselmo wants to keep a close contact with his grandson 
who is now in London). 
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Table 2. Modified version of the Persona Anselmo Pires. 
Example of a Persona: Anselmo Pires 
 
Name: Anselmo Pires [Personal factor]. 
Age: 67 years old [Personal factor]. 
 
Anselmo Pires lives in Matosinhos, with his wife Marieta Pires. Their marriage has 30 years and they still have the 
same complicity of the first years [Personal factor]. 
He has elementary education and basic computer skills. He is the senior partner and manager of a carrier business [Personal factor].  
 
Recently Anselmo had to be hospitalized due to a suspect of a heart attack. He was recommended to do daily exercises and to monitor 
his blood pressure [Health condition].  
 
Anselmo usually wakes up early. He doesn’t take breakfast at home, he prefers to take it in the middle of the morning in a patisserie near 
his office. He stays at the office up to 8PM. Around 8:30PM, he has dinner with his wife at home [Daily routine]. 
 
At the weekend Anselmo goes cycling with his eldest son [Activity type]. He has a 23 years old grandson, César, and they play chess 
once a week. [Participation type], a habit started in the first scholar holidays of his grandson. 
Anselmo wants to keep a close contact with his grandson who is now in London. They have a strong relationship. In many occasions his 
grandson asks his opinion about what to do, whether is related with his personal life or work [Participation type]. 
 
The definition of scenarios should also consider all the existing information on the target users’ needs, in order to 
specify the functional requirements of the systems and services to be developed: 
x Problems scenarios: identification of the actual situations, events (positive or negative) that have 
impact in personas’ activities. For example, the voice interaction is a barrier in a noisy environment or 
the keyboard should be big enough to facilitate the writing of a SMS.  
x Data requirements: information elements that the systems have to include. For example, in an email 
application the basic elements can be messages or contact lists. 
x Functional requirements: actions that the system has to complete, information that the system has to 
present as well technological requirements relevant to the way the system should perform (e.g. 
requirements in terms of video calls, the types of interfaces required or the need of a Wi-Fi network).  
x Interaction requirements: detailed information about how user interaction should be, which can vary 
according to the created scenarios, even if there’s no alteration in user’s characteristics. For example, 
Anselmo likes to use keyboard, but when he’s driving he uses voice interaction (the persona is the 
same, but the context has changed).  
x Other requirements: business, corporative or customer requirement. For example, prices, installation 
conditions, company characteristics that should be reflected in the systems and services. 
 
Identifying the problem is an important issue because it situates the activity to be achieved. For example, 
Anselmo likes to receive oral information related with his trucks in order to perform, simultaneously, two activities: 
getting information about the trucks situation while reading the documents left by his secretary in the previous day. 
In this example, associated with the identification of the problem, there are some data requirements (e.g. information 
on trucks) and interaction requirements (e.g. he likes to receive orally the information related with the trucks 
situation). Another problem identified was the need to monitor his blood pressure. Therefore, he needs an easy to 
use application that should not interfere with his activities. 
Table 3 presents how the author’s proposal was applied in the Smartphones for Seniors [17]. 
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Table 3. An illustrative application example of scenarios. 
Example of a Scenario for the Persona Anselmo Pires 
Anselmo starts his work at 8AM and the first task he does is to check the localization of the transports for that day [Problem scenario] and 
he wants this information early in the morning [Functional requirement]. Because he is an active person, he likes to receive this 
information orally [Interaction requirement] while he reads the documents left by his secretary in the previous day. Today Anselmo is 
upset because two trucks are immobilized in Switzerland due to an adverse whether situation. He is following the weather report with 
particular interest [Data requirement] and he has activated the feature of sound alert [Functional requirement] to know when the trucks 
start to travel. When the night comes, he still doesn’t have any information. Anselmo has a family dinner to celebrate his 30 years of 
marriage, so he deactivates the sound alert and activates the vibrating alert [Interaction requirement]. 
 
Once a week Anselmo plays chess online [Problem scenario] with his grandson for keeping the regular contact and healthy competition, so 
he wants to have a shortcut in his personal computer to this application [Functional requirement]. 
 
Anselmo has several friends in Brazil [Problem scenario] and he uses Facebook to communicate with them, as it allows communication 
asynchronously, which is important due to the time difference [Functional requirement]. He uses his desktop personal computer, which he 
has to boot up every time, as it is usually off. By selecting a desktop shortcut he opens the browser to activate the Facebook He prefers an 
automatic access to Facebook, because he does not want to be bothered to log in every time he uses it and, furthermore, he often forgets 
the password [Functional requirement]). The first thing he does is to check his wall for new posts, scrolling up and down with the mouse 
to see if something grabs his eye. If so, he often replies using the keyboard [Interaction requirement], especially direct inquiries. He keeps 
a regular contact through the Facebook, sharing photographs (he would like to have a way to convert automatically the pictures size 
[Functional requirement]) and information about his daily routines [Data requirement]. Sometimes he also uses the video call [Functional 
requirement]. He thinks that the size of a smart phone is a problem because it is too small [Interaction requirement]. 
 
Anselmo has to monitor his blood pressure everyday [Problem scenario] and he decided to install an application to help him in this task. 
He is looking for an easy to use application. He is also looking for an application that can give him the latest information about his disease 
[Functional requirement]. 
5. Conclusion 
The described methodology is being used to develop applications on several projects, including telerehabilitation 
applications [18], multimodal applications [19] smart phones applications [17] and applications for a Living Home 
system Center (LHC) [20]. The developed tools proved suitable for their purposes and are expected to be explored 
in future developments. 
One of the problems of the development of AAL systems and services is the difficulty of communication 
between users, care providers and technological professionals. Stakeholders with different backgrounds need a 
common language in order to make teamwork more efficient and effective. The ICF conceptual framework can 
contribute to this goal. However, there is still a long way to go so that everybody involved in AAL developments be 
able to share a common language and a set of common concepts. 
Acknowledgements 
This work was supported by COMPETE (Sistema de Incentivos à Investigação e Desenvolvimento Tecnológico, 
Projetos de I&DT Empresas em co-promoção) and FEDER from the European Union, under QREN Living 
Usability Lab for Next Generation Networks, QREN AAL4ALL and QREN Smartphones for Seniors. 
References 
[1]  Rocha, N., Teixeira, A., Pacheco, O., Queirós, A., Oliveira, C., Pereira, C. and Martins, A., Integrated Development and Evaluation of 
Innovative AAL Services - A Living Lab Approach. 8ª Conferência Ibérica de Sistemas e Tecnologias de Informação, Lisboa, 2013. 
[2]  Teixeira, A. et al., A New Living Lab for Usability Evaluation of ICT and Next Generation Networks for Elderly@Home. AAL 2011, 1st 
International Living Usability Lab Workshop on AAL Latest Solutions, Trends and Applications, Rome, 2011. 
[3]  Moumtzi, V. and Wills, C., Utilizing Living Labs Approach for the Validation of Services for the Assisting Living of Elderly People. 3rd 
IEEE International Conference on Digital Ecosystems and Technologies, Instanbul, 2009. 
418   Alexandra Queirós et al. /  Procedia Computer Science  27 ( 2014 )  409 – 418 
 
[4]  Cook, D. and Das, S. How Smart are our Environments? An Updated Look at the State of the Art. Pervasive and Mobile Computing, 2007, 
3(2), p. 53-73. 
[5]  Queirós, A., Silva, A.G., Alvarelhão, J., Rocha, N. and Teixeira, A., Usability, Accessibility and Ambient Assisted Living: a Systematic 
Literature Review. Special Issue of Universal Acess in the Information Society, in press. 
[6]  Teixeira, A. et al., Speech as the Basic Interface for Assistive Technology. DSAI 2009, 2nd International Conference on Software 
Development for Enhancing Acessibility and Fighting Info-Exclusion, Vila Real, 2009. 
[7]  Newell, A., Gregor, P., Morgan, M., Pullin, G. and Macaulay, C., User-Sensitive Inclusive Design. Universal Access in the Information 
Society, 2011, 10(3), p. 235-243. 
[8]  Astell, A., Alm, N., Gowans, G., Ellis, M., Dye, R. and Vaughan, P., Involving Older People with Dementia and their Carers in Designing 
Computer Based Support Systems: some Methodological Considerations. Universal Access in the Information Society, 2009, 8(1), p. 49-58. 
[9]  Zajicek, M., Successful and Available: Interface Design Exemplars for Older Users. Interacting with Computers, 2004, 16, p. 411-430. 
[10]  Goodman-Deane, J., Keith, S. and Whitney, G., HCI and the Older Population. Universal Access in the Information Society, 2009, 8(1), p. 
1-3. 
[11]  Queirós, A., Alvarelhão, J., Silva, A., Amaro, A., Teixeira, A. and Rocha, N., The International Classification of Functioning, Disability 
and Health as a Conceptual Framework for the Design, Development and Evaluation of AAL Services for Older Adults. AAL 2011, 1st 
International Living Usability Lab Workshop on AAL Latest Solutions, Trends and Applications, Rome, 2011. 
[12]  Martins, A. et al., The International Classification of Functioning, Disability and Health as a Conceptual Model for the Evaluation of 
Environmental Factors, Procedia Computer Science, 2012, 14, p. 293-300. 
[13]  The International Classification of Functioning, Disability and Health (ICF).World Health Organization, Geneva, 2001. 
[14] Study on the Potential of the Living Labs Approach Including its Relation to Experimental Facilities for Future Internet Related 
Technologies. European Commission, Brussels, 2009. 
[15]  Cooper, A., The Inmates are Running the Asylum: Why High-Tech Products Drive us Crazy and how to Restore the Sanity. Pearson 
Education, Upper Saddle River, 2004. 
[16]  Alvarelhão, J., Silva, A., Martins, A., Queirós, A., Amaro, A., Rocha, N. and Laíns, J., Comparing the Content of Instruments Assessing 
Environmental Factors using the International Classification of Functioning, Disability, and Health. Journal of Rehabilitation Medicine, 
2012, 44(1), p. 1-6. 
[17]  Teixeira, A., et al., A., Multimodality and Adaptation for an Enhanced Mobile Medication Assistant for the Elderly. 3rd Workshop on 
Mobile Accessibility in Conference on Human Factors in Computing Systems, Paris, 2013. 
[18]  Teixeira, A. et al., New Telerehabilitation Services for the Elderly. In: I. Miranda, M. Cruz-Cunha, Handbook of Research on ICTs for 
Healthcare and Social Services: Developments and Applications, IGI Global, 2013, p. 109-132. 
[19]  AAL4ALL - Ambient Assisted Living for All [Online]. Available: http://www.aal4all.org/.  
[20]  Teixeira, V., Pires, C. Pinto, F., Freitas, J. Dias, M. and Rodrigues, E., Towards Elderly Social Integration using a Multimodal Human-
Computer Interface. AAL 2012, 2nd International Living Usability Lab Workshop on AAL Latest Solutions, Trends and Applications, 
Algarve, 2012. 
